Abstract The aim of this non-randomised prospective study was to evaluate the short-term outcome of Gamma nail and dynamic hip screw (DHS) fixation in the treatment of subtrochanteric hip fractures due to low-energy trauma in the elderly. All of the 1,624 femoral hip fractures in 1,511 patients of the Oulu Hospital, aged over 49 years, were prospectively registered from 1991−1999 using special forms. Seventy-three (4.5%) of the fractures were subtrochanteric. After exclusions, 58 patients constituted the final study group. Of these, 43 were treated with Gamma nails and 15 with DHS. Background factors before the fracture, complications, reoperations and functional parameters at 4 months were recorded using standardised forms. Intraoperative and hospital data were collected from patient records. The Seinsheimer fracture types IIIA, IIC and V were the most common fracture patterns when the Seinsheimer classification system was used, and Fielding II and AO 31A3.3, respectively, were the most common types in the Fielding and AO classification system. There were four (9%) intraoperative complications in the Gamma nail group as compared to none in the DHS group. On the other hand, postoperative complications were more common in the DHS group (27%) than in the Gamma nail group (7%). We recognised a correlation between certain fracture types and the likelihood of typical intra-or postoperative complications or difficulties with both devices: In Gamma nailing, difficulty in closed reduction as well as the rate of open reduction and the use of supplementary fixation were most frequent in the Seinsheimer IIC fractures. It is also noticeable that all of the postoperative device failures and fracture displacements of the DHS group occurred in the Seinsheimer type IIIA category. Detailed fracture classification is essential for the choice of the fixation device, and the present study confirms the presumption that, despite the perioperative problems associated with Gamma nailing, this technique may be preferable to plate fixation for specific fracture types with medial cortical comminution, such as Seinsheimer type IIIA.
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Résumé Le but de cette étude prospective non randomisée est d'évaluer l'évolution à court terme du traitement par clou Gamma ou par vis DHS des fractures soustrochantériennes par traumatisme à basse énergie chez le sujet agé. Parmi les 1,624 fratures de la hanche enregistrées chez 1,511 patients de plus de 49 ans, de janvier 1989 à decembre 1996, 73 (4,5%) étaient des fractures soustrochantériennes. Le 
Introduction
Subtrochanteric fractures are relatively rare, accounting for 10-34% of all hip fractures [7, 14, 27] . They may be very difficult to fix, and the risk of failure has been high regardless of the fixation method [23] , especially in high subtrochanteric fractures with loss of the lesser trochanter and the medial buttresses [7, 26] . Various intramedullary and extramedullary devices have been developed in an attempt to address potential complications of device failure, mal-or non-union and deformities. Some decades ago, a sliding-screw plate system came into wider use even in sub-trochanteric fractures because of the successful treatment of stable trochanteric fractures [15] . In unstable per-and sub-trochanteric fractures, however, the system has been reported to involve high failure rates [12, 13, 15] .
The Gamma nail was designed to overcome the problems implicit in sliding-screw fixations [15] , and it is widely used for the fixation of trochanteric fractures [15] . However, several studies have focused on the relatively high complication rate associated with its use [2, 3, 15, 22, 23, 28] . Therefore, the initial enthusiasm for the Gamma nail may have subsided, and the wide range of indications has been narrowed down to fractures of the subtrochanteric region [23] . Because of their infrequency, few studies have focused on this special entity.
This non-randomised study compares Gamma nail and dynamic hip screw (DHS) fixation in the treatment of subtrochanteric hip fractures derived from low-energy trauma in the elderly.
Materials and methods
All of the 1,624 femoral hip fractures in 1,511 patients of the Oulu University Hospital, aged over 49 years, were prospectively registered from 1991-1999 using special forms [1, 11] . Seventy-three (4.5%) of them were subtrochanteric, defined as a fracture in which the fracture line traversing the femur was mainly within 5 cm of the femur distal to the lower margin of the lesser trochanter [18] . Thirteen were pathological fractures and were excluded, as were two patients with multiple high-energy injuries. Thus, 58 patients constituted the final study group. Of these, 43 were treated with Gamma nails (mean age 76.8 years, range 51-92, 13 males and 30 females; Gamma nail group) and 15 with DHS (mean age 74.1 years, range 60-88, three males and 12 females; DHS group) ( Table 1) .
The fracture patterns were classified using three different classification systems: Müller's (AO) classification [16] , Seinsheimer's classification [25] and Fielding's classification [6] ( Table 2) .
The patient's functional status was recorded at the time of fracture and at 4 months after treatment using standardised forms with data concerning the place of residence, walking ability and use of walking aids [9, 20, 21] . Function was expressed as a change compared to the situation at the time of fracture (better, same, worse). Reoperations and the reasons for them as well as mortality were recorded on a separate form for 1 year. Intraoperative and hospital data were collected from patient records.
Operative techniques Low-molecular heparin as thromboembolic prophylaxis and preoperative single-shot antibiotic prophylaxis (1.5 g cefuroxime i.v.) were used in all cases. Gamma nails and dynamic hip screws were inserted by using the previously presented standard techniques in line with the recommendations of the manufacturers of the Gamma nail (Howmedica, London, UK) and the DHS implant (Stratec Medical, Oberdorf, Switzerland). No bone grafts were used. Fifty-one of the operations were performed by orthopaedic surgeons and seven by trained residents assisted by experienced orthopaedic surgeons.
The selection between these two methods was done by the surgeon according to his preference. Standard Gamma nails (220mm, angle 125-135°, width 11-14 mm) were used in 24 and long Gamma nails (320-400 mm) in 19 cases. Two distal locking screws were used in 35 gamma nail fixations, one was used in seven cases, and none were used in one case.
In the DHS fixation, a 6-hole side plate was used in one case, an 8-hole plate in five cases, a 10-hole plate in five cases, a 12-hole plate in two cases and a 14-hole plate in two cases. The plate angle was 135°in all cases.
xWhenever possible, the patients were mobilised after an X-ray examination on the first postoperative day. Partial weight-bearing (20-30 kg) was allowed as soon as the patient tolerated it, and full weight bearing was normally allowed 6-12 weeks after surgery based on the radiological situation.
Statistical analysis A statistician performed the statistical analysis. The material was processed and analysed using SPSS for Windows 8.0.1 software (SPSS). Chi-square test, nonparametric Mann-Whitney test and Kaplan-Meier survival analysis were used in the evaluation of the significances of the differences. A difference was considered statistically significant when P<0.05.
Results
During the follow-up eight patients were lost in the Gamma nail group (eight deaths) and three in the DHS group (two deaths, one lost to follow-up). There were no statistically significant differences in the fracture patterns between the study groups in any of the classifications (Table 2) . Seinsheimer fracture type IIIA was the most common fracture pattern Fielding II and AO 31A3.3 when the Fielding and AO classification systems were used in both groups. The mean delay, operating time and hospital stay were 1.1 days (range 1-3 days), 93.2 min (range 15-260 min) and 6.1 days (range 1-24 days) in the Gamma nail group and 1.3 days (range 0-4 days), 136.3 min (range 80-220 min) and 7.4 days (range 2-17 days) in the DHS group, respectively. The differences between the groups were not significant.
Difficulties in reduction, as recorded by the operating surgeon, were slightly less common with DHS than with Gamma nail, requiring "open reduction" in two cases. Supplementary fixation was required in five cases (12%) in the Gamma nail group and in four cases (27%) in the DHS group (Table 3) . In gamma nailing, difficulties in reduction and extension of operation were most frequent in type IIC fractures. There were four (9%) intraoperative complications in the Gamma nail group as compared to no intraoperative complications in the DHS group (Table 4) . The insertion of distal locking screws was the most hazardous step in Gamma nailing, resulting in four intraoperative femoral shaft fractures. Two of these were treated with a longer Gamma nail and one with Dall-Miles cable fixation, while one required no treatment. Postoperative complications were more common in the DHS group (27%) than in the Gamma nail group (7%) ( Table 4) . One postoperative fracture redisplacement (femoral medialisation) was treated with DCS fixation, one breakage of the lateral plate with intramedullary Grosse-Kempf fixation and another with a longer plate. All these complications occurred in Seinsheimer type IIIA fractures. In the Gamma nail group, one femoral-shaft fracture appeared 4 months postoperatively after a new injury, which was treated with a longer gamma nail. Bone union was achieved despite complications in all cases in both groups. There were two wound infections in the Gamma nail group. One was successfully treated by revision and the other by extraction of the nail 3 months after the primary operation, when the fracture had healed. No infections were observed in the DHS group.
At 4 months after the fracture, 29% (10/43) of the patients in the Gamma nail group walked alone out of doors, and 20% (7/43) could walk without any aids; the corresponding percentages in the DHS group were 33% (4/15) and 8% (1/15) ( Table 5 ). There was no statistically significant difference in the place of residence (Table 5) , walking ability (Table 5 ) or the use of walking aids (Fig. 1) between the groups at the time of fracture and 4 months (Fig. 2) .
Four-month mortality was 18.6% (8/43) in the Gamma nail group and 13.3% (2/15) in the DHS group, and mortality at 1 year was 32.6% (14/43) and 20.0% (3/15), respectively, showing no significant differences.
Discussion
The classification of subtrochanteric fractures is very difficult; the actual borderline between trochanteric and subtrochanteric fractures is debatable, and the dividing line between subtrochanteric and femoral diaphyseal fractures is also open to debate [19] . We classified the fracture patterns according to three different classification systems and concluded that they are not comparable, which has been pointed out earlier [5] . In the evaluation of the results, we used Seinsheimer's classification, which has been applied in the majority of studies on subtrochanteric fractures and which, in our opinion, also proved the most practicable system. The average length of hospital stay, which was about 1 week in both groups, was definitely shorter than those reported in earlier studies, ranging from 10-29 days for DHS and from 13-23 days for Gamma nail [5, 10, 15, 24, 27] . The explanation lies in the manner of elderly care: the catchment area of our hospital has an extensive network of health centre hospitals capable of providing rehabilitation at a very early postoperative phase.
In our study, 43% of the patients in the Gamma nail group and 33% in the DHS group regained their pretrauma walking ability. Previous studies have reported better functional results in both groups. Madsen et al. reported that 69% of the Gamma nail-treated patients, 73% of the cephalic hip screw, and 91% of the DHS/TSP-treated Fig. 2 The changes in locomotor ability at 4 months in relation to the situation before the fracture were equal for the two groups (P=0.691) patients regained their prefracture walking ability at 6 months after the operation [18] , but our follow-up time (4 months) was shorter than in the earlier reports (6 months to 1 year), which prevents comparisons, and the clinical results are naturally not so satisfactory. On the other hand, it has been shown that the main recovery of function in the activities of daily living has been achieved by 4 months after the fracture [4, 9] . Pakuts reported that the early recovery is faster after Gamma nail than after dynamic hip screw fixation, but we did not record the early stage of recovery [17] .
Overall, some complications occurred in 16% in the Gamma nail group and in 26% in the DHS group, which matches previously reported complication rates ranging from 8-30% in patients treated with Gamma nail [2, 10, 23, 28] and from 5-17% in patients treated with DHS fixation, respectively [8, 15, 27] . The major complication associated with Gamma nail fixation, fracture of the femoral shaft, occurred in 12% of the patients, which is in line with the earlier reports showing rates ranging from 2-11% [5, 15, 23] . The majority of complications of gamma nail fixation occurred during the operation, whereas those of DHS fixation occurred later during the follow-up, which has also been noted in other studies [5] .
It seemed that most intraoperative complications and difficulties occurred in certain types of fractures in both groups. In the Gamma nail group, they were most common in Seinsheimer type IIC and in the DHS fixation group in Seinsheimer type IIIA fractures. These findings are in line with earlier studies [5, 8, 14, 15, 18, 24, 27] and should be considered in the choice between these two fixation methods.
It is concluded that detailed fracture classification is essential for the choice of the fixation device, and this study confirms the presumption that, despite the perioperative problems associated with Gamma nailing, this technique may be preferable to plate fixation for specific fracture types with medial cortical comminution, such as Seinsheimer type IIIA.
